Lipopolysaccharides (LPS, Rhodopseudomonas gelatinosa is a gram-negative, slender rod-shaped bacterium of the photosynthetic Rhodospirillaceae family (27, 33) . Most of the R. gelatinosa strains tend to form slimes and aggregate during the logarithmic or stationary phase of growth. They are able to liquefy gelatin and to utilize citrate and aspartic acid as their only carbon source (27, 30, 41) , The intracytoplasmic membrane system consists of single and small invaginations of the cytoplasmic membrane (5, 41), similar to those of Rhodospirillum tenue (5), but characteristically different from the highly differentiated intracytoplasmic membrane systems of other Rhodospirillaceae species (11, 23, 32) .
Rhodopseudomonas gelatinosa is a gram-negative, slender rod-shaped bacterium of the photosynthetic Rhodospirillaceae family (27, 33) . Most of the R. gelatinosa strains tend to form slimes and aggregate during the logarithmic or stationary phase of growth. They are able to liquefy gelatin and to utilize citrate and aspartic acid as their only carbon source (27, 30, 41) , The intracytoplasmic membrane system consists of single and small invaginations of the cytoplasmic membrane (5, 41) , similar to those of Rhodospirillum tenue (5), but characteristically different from the highly differentiated intracytoplasmic membrane systems of other Rhodospirillaceae species (11, 23, 32) .
The knowledge of the 0-antigens (lipopolysaccharides [LPS] ) of the Rhodospirillaceae is restricted to only a few species, i.e., the 0-antigens of the closely related species Rhodopseudom onas palustris and Rhodopseudom onas viridis (37, 40) aside from that of a single strain of Rhodopseudomonas capsulata (36, 38) . It is of general interest that the 0-antigens of the two former species both contain a hitherto not described type of lipid A which is free of phosphate and D-glucosamine but includes a 2,3-diamino-2,3-dideoxyhexose as the only amino sugar constituent (29a, 37, 40) . The polysaccharide moiety of both LPS are rather complex, comprising a number of unusual sugars, especially o-methyl ethers of neutral or amino sugars and amino uronic acids (21, 43) . However, the LPS of R. palustris and R. viridis can be clearly differentiated; in contrast to the R. palustris 0-antigen, heptose is lacking in R.
viridis 0-antigens.
In this paper a unique type of LPS is de- scribed, which is present in R. gelatinosa strains. Its isolation and its chemical and serological characterization will be reported. (29) . A Varian Aerograph (model 1520 B), fitted with a glass column (0.32 by 152 cm) filled with ECNSS-M (3% on gas-chrom Q, 100/120 mesh) at a column temperature of 165 C and a nitrogen flow of 28 ml/min was used.
MATERIALS AND METHODS
Cysteine/sulfuric acid reaction of heptoses was carried out according to Dische (6) with the modification of Osborn (24) . Spectra were taken before and after the addition of cysteine. Reaction of heptoses with D-mannose-isomerase (EC 5.3.1.7) from Pseudomonas saccharophila (25) was performed as described in detail by Bagdian et al. (2) . The heptulose formed by this reaction was determined with the diphenylamine reagent of Dische (7) . Aldoheptoses were oxidized to aldonic acids with 0.1 N alkaline iodine solution, followed by separation of the nonoxidized sugar by paper high-voltage electrophoresis (see below). The onic acids formed were degraded by the Ruff technique. The conditions of the oxidation and of the Ruff degradation are given in detail by Bagdian et al. (2) .
Optical rotation of isolated sugars (0.1 to 0.3% in distilled water) was measured in a Perkin-Elmer polarimeter, type 141, with a 1-ml quartzcuvette and a light pathway of 10 cm (wave length: 589 nm). For determination of' 2-keto-3-deoxyoctonate with the thiobarbituric acid reagent (12) , LPS were hydrolyzed in 0.1 N sulfuric acid at 100 C for 20 min.
Amino sugars were liberated by hydrolysis of LPS in 6 N hydrochloric acid at 100 C for 16 h. Droge et al. (9) .
Fatty acids and phosphorus analyses. Fatty acids were liberated by hydrolysis in 4 N HCl at 100 C for 6 h, extracted from the hydrolysate with petroleum ether (40 to 60 C), weighed, and esterified with 2 N methanolic HCl at 100 C for 2 h. For identification, a Perkin-Elmer gas chromatograph, model F20, fitted with a Castorwax (2.5%/.r on Chromosorb G, 80/100 mesh) stainless-steel column (0.32 by 152 cm) at a column temperature of 170 C and a nitrogen flow of 25 ml/min, and in addition an EGSS-X (15% on Gaschrom P, 100/120 mesh) stainless-steel column (0.32 by 150 cm) at a column temperature of 165 C and a nitrogen flow of 30 ml/min were used. Phosphorus was determined by the method of Lowry et al. (18) .
Degradation of LPS. The polysaccharide moiety of the LPS was separated from the lipid A by hydrolysis of 100 mg of LPS in 10 ml of 1/( acetic acid at 100 C for 3 h (13). After separation of lipid A by centrifugation at 4,000 x g for 60 min, the sediment (lipid A) was washed twice with water and once with acetone. Degraded polysaccharide was obtained from the supernatant fluid by lyophilization.
Serological tests. Antisera were prepared by intravenously inoculating white New Zealand rabbits three times at 4-day intervals with increasing amounts (0.25, 0.5, and 1.0 ml) of R. gelatinosa cell suspensions (109 cells/ml of 0.9% saline). The cells injected were either living or heat killed (100 C, 2.5 h). The rabbits were bled 5 days after the last injection. For passive hemagglutination tests with human erythrocytes (blood group A), untreated, heat-treated (100 C. 60 min) or alkali-treated (0.25 N NaOH, 56 C, 60 min [22] ) LPS samples were used. Serial dilutions (factor 2) of antisera were prepared with phosphate-buffered saline, pH 7.2, by using the Metrimpex microtitrator system of Tacatsy (type OX-603). Fifty-microliter amounts of the serum dilutions were mixed with equal amounts of LPS-sensitized erythrocyte suspensions (25 Ml of packed cells, suspended in 5 ml of saline). After incubation of the plates at 37 C for 60 min the hemagglutination titers were read. The reciprocal value of the serum dilution of the last dilution cup showing a complete agglutination was recorded as hemagglutination titer. RESULTS Isolation of LPS. From all 12 R. gelatinosa strains high-molecular-weight-material (I to 2'. of bacterial dry weight) was obtained by the PCP extraction procedure described by Galanos et al. (10) . This method is well known to extract lipophilic R-LPS (glycolipids) from enteric rough mutants, whereas the LPS of smooth strains remain unextracted. The analyses described below will show that the precipitates obtained from R. gelatinosa by a dropwise addition of water to the remaining phenol phase of the extraction mixture represent LPS by chemical criteria and 0-antigens by their serological activity. The LPS was also extractable by the hot phenol/water procedure, but those extracts were found to be contaminated with high portions (0.5 to 2.0% of bacterial dry weight) of glucose-polymers (details not shown). Both the water and phenol phase of phenol/water extracts contain no additional LPS which would differ in their chemical composition from the PCP-extracted LPS. The results recorded in this paper were obtained exclusively with PCP-extracted LPS.
Chemical analysis. The LPS hydrolysate of all strains contain only one neutral sugar which migrates just behind D-glucose in paper chromatography (solvent system [i ]). It is, however, clearly discernible from glucose by its redbrown color after anilinium hydrogen phthalate staining and its low fluorescence in ultraviolet light. D-Glucose was occasionally found to be present in small amounts (<0.5%) in various preparations. Gas-liquid chromatography of the neutral sugar fraction (as alditol acetate derivatives) confirmed the result of paper chromatography, i.e., a single sugar peak was observed on the gas-liquid chromatograms (TR = 4.0, relative to xylitol pentaacetate). It should be noted that the LPS of strains 29/1, 29/2, and 25/2, but not those of the remaining nine strains, form a humin-like material when hydrolyzed with 1 N sulfuric acid.
The unknown sugar could easily be obtained in a pure state by preparative paper chromatography in solvent systems (i) and (ii). It reacted with cysteine-hydrochloride/sulfuric acid. The absorption spectra (Dische-spectra [2] ) obtained before and after (2.5 and 48 h) the addition of cysteine-hydrochloride were identical to those of aldoheptoses (authentic Dglycero-or L-glycero-D-mannoheptose [2] ). The configuration of the heptose isolated from R. gelatinosa was elucidated by hypoiodite oxidation followed by Ruff's degradation (2) of the sugar. This method degrades L-glycero-D-mannoheptose to L-galactose and further to L-lyxose, whereas D-glycero-D-mannoheptose yields Daltrose and D-ribose. With comparable degradation conditions, the heptose of R. gelatinosa LPS formed substantial amounts of altrose and ribose but no galactose or lyxose. This result, confirmed by paper and gas-liquid chromatography, revealed the altro-configuration of the structurally related hexose, i.e., the same configuration of the heptose at C3 to C7 as altrose. Since the sugar is isomerized to the correspond- Davies (3) reported the paper chromatographic separation of various heptoses, using (among others) solvent systems (i) and (ii). In both systems the heptose from R. gelatinosa was found to be identical with D-glycero-D-mannoheptose from Proteus mirabilis strain 1959/R-13 (16), the migration values being MgIucose = 0.91 in system (i) and Mglucose = 0.82 in system (ii). Only a single symmetrical peak was observed in gas-liquid chromatography by a simultaneous injection of the alditol acetates of both sugars. The amounts of D-glycero-D-mannoheptose in the LPS of the different R. gelatinosa strains are given in Table 1 .
Thiobarbituric acid/arsenite-positive material was detected upon mild sulfuric acid hydrolysis of the LPS followed by periodate oxidation of the hydrolyzate. It is very likely that we are dealing with 2-keto-3-deoxyoctonate, the very characteristic constituent of gram-negative LPS (20) . However, we are aware that the test demonstrates only the presence of 2-keto-3-deoxy groups (for quantitative data see Table 1 ).
D-Glucosamine represents the only amino sugar constituent of the LPS of all R. gelatinosa strains. At least 30% of this sugar is still phosphorylated after hydrochloric acid hydrolysis (6 N HCl, 100 C, 16 tion of this sugar from a natural product, i.e., the polysaccharide from Chromobacterium violaceum, was reported by Davies (4). Unequivocal evidence on the natural occurrence of the sugar was later provided when extracellular polysaccharides of Azotobacter indicum (14) and Serratia marcescens (45) were analyzed. In LPS D-glycero-D-mannoheptose was first identified in the 0-antigens of several P. mirabilis strains. In addition the 6-epimer of this sugar, namely, L-glycero-D-mannoheptose, was found in these strains (2, 16) . Both heptoses are part of the R-core structure in these strains (W. Gromska and K. Kotelko, personal communication). D-Glycero-D-mannoheptose has never been reported unequivocally to occur in LPS without the concomitant presence of its 6-epimer. Adams et al. (1) reported the former to be present in the L-glycero-D-mannoheptose-free LPS of Xanthomonas. The investigations of Volk (34, 35) , however, show that the LPS of 17 strains of Xanthomonas campestris are completely free of any heptose (see also Lehmann et al. [17] ). Adams et al. (1) analyzed the LPS of a Salmonella R-mutant, which contains both the D-glycero-D-mannoheptose and its 6-epimer in the same proportions as those found in wildtype LPS. Since the mutant strain produces only R-LPS, it was concluded that both heptoses are part of the R-core of this LPS. Very recently Lehmann et al. (17) provided evidence that L-glycero-D-mannoheptose of Salmonella typhimurium R-forms is replaced to a high extent by D-glycero-D-mannoheptose in some rfa mutants and transductants. As a consequence of the incorporation of the wrong heptose only a few R-core stubs (and 0-specific chains) can be completed in these mutants. The similarity of the R. gelatinosa 0-antigens to those of the enterobacterial R-mutants, especially of the Salmonella Rd-group, should be emphasized. First, all R. gelatinosa LPS are free of any hexoses, deoxyhexoses or o-methyl sugars which would indicate the presence of a comparable R-core or of 0-specific chains, respectively (30, 37) . Secondly, like enterobacterial R-LPS, they are all extractable by the PCP method. It should be stressed that all 11 strains under investigation are wild-type strains isolated from different ecological habitats.
The lipid moiety (lipid A) of the R. gelatinosa LPS can be separated from the oligosaccharide moiety by mild acid hydrolysis. In a similar way to that reported for enteric LPS, the hydrolysis liberates considerable amounts of 2-keto-3-deoxyoctonate, indicating that this sugar forms the acid-labile linkage between the lipid A and the degraded polysaccharide as in enterobacterial LPS (19) . D-Glucosamine represents the only amino sugar constituent of R. gelatinosa lipid A and one may assume that this phosphate-containing lipid A, similar to enteric lipid A, has a D-glucosamine-backbone. There are, however, characteristic differences in the fatty acid composition. All R. gelatinosa LPS investigated so far show a uniform fatty acid spectrum comprising ,B-hydroxycapric, lauric, and myristic acids. f3-Hydroxymyristic acid, being the typical amide-linked fatty acid of Salmonella LPS (19) , is lacking in the R. gelatinosa LPS.
The enteric lipid A represents the endotoxic component of these LPS (endotoxins [19, 28] ).
The detailed structure of the R. gelatinosa lipid A and its biological activities are therefore of interest and will be investigated.
The LPS of R. gelatinosa represent the 0-antigens of these bacteria as demonstrated by passive hemagglutination with isolated LPS and antisera prepared with heat-killed R. gelatinosa cells. It is of interest that the R. gelatinosa 0-antigens belong to two different serotypes, although only one chemotype was revealed by the present analytical studies. Conspicuously, however, only LPS belonging to serotype I (strains 29/1, 29/2, and 25/2) show an intense formation of humin-like material during sulfuric acid hydrolysis. The possible presence of an unknown acid-labile component in these LPS is therefore indicated, which would cause the serological differences observed between LPS of serotypes I and II. This question requires further study.
The far-reaching uniformity of the 11 R. gelatinosa LPS, in regard to their sugar and fatty acid composition, confirms the specific position of R. gelatinosa in the Rhodopseudomronas genus. Considering, in addition, the species-specific chemical composition of the R. palustris and R. viridis 0-antigens, one recognizes the taxonomical relevance of the LPS composition for all species of the Rhodospirillaceae so far investigated (39) .
